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I. INTRODUCTION

Studies of the interior ballistics of guns and rockets and the dynamics of
weapon systems require the recording and analysis of large amounts of time-
correlated information. The type of information associated with ballistic
phenomena usually has a high frequency content and a short duration. Wide-
band, frequency-modulated (FM) magnetic tape recorders are used to record this
type of data. These recorders have the capability of recording simultaneously
fourteen channels of 80 kilohertz (kHz) data at their maximum recording
speed. A problem arises with this type of recording when an automated data
reduction system is used. The problem is that automated data reduction
methods invariably use a digital computer which requires that the information
be in binary format. The obvious solution is to sample the original FM tape
at an appropriate rate and to convert the information from analog form to
digital form (A/D) which can then be recorded on a digital tape.

Since the digitizing equipment used in the Interior Ballistics Division
(IBD) of the Ballistic Research Laboratory (BRL) either was not computer-
controlled or has severe main memory limitations, the IBD recently purchased a
Hewlett-Packard (HP) minicomputer, Model 1OOO-F, with which to digitize firing
data, off-line, from analog tapes. The biggest advantage to this system is
that the available main memory does not limit the amount of data which can be
digitized in one pass; this is accomplished using a double buffering technique
which effectively allows the transfer of data from tape directly to disc. The
capacity of the disc now becomes the limiting factor of the amount of data
digitized. Reports on the actual A/D equipment and the associated software
will be published soon.

The data, once digitized and stored on the disc, can then be transported
to the mainframe. At BRL, this is a CDC CYBER System: 1) mainframe A (MFA),
a CYBER 170/173, and 2) mainframe Z (MFZ), a CYBER 70/76. A CalComp plotter,
Model 1055, is a peripheral to that system.

A procedure is described in this report for the step-by-step processing
of these data until they are converted into engineering units and then stored
on a permanent file, integrated, tabulated, and/or plotted. The computer
programs involved are given as well as sample inputs and outputs.

II. CONVERSION OF DATA ON ANALOG TAPE TO DIGITAL TAPE

An oscillograph record of a single channel of interior ballistic data is
shown in Figure 1. It is an analog pressure-time record, with calibrations,
reproduced from one channel of a 14-channel magnetic tape. To convert this
record to digital form, an A/D converter samples the analog signal at a
selected time and at an appropriate rate. It is important that the sampling
times and rates preserve the original pressure-time relationship; i.e., the
sampling times must be directly related to the real time of the event.

The sampling rate for the calibration steps is somewhat arbitrary. The
only basic requirement is to get enough samples to make a reasonable
evaluation of the level by averaging. The sampling rates for the record
portion must next be determined. In this case, the sampling rate is more
critical. If the rate is too low, there will be insufficient information to
reconstruct the continuous record. For example, in Figure 1, if a 5 kHz

7
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Figure 1. Analog Pressure-Time Record

sampling rate is used for the pressure-time portion, it would be impossible to

make an accurate peak pressure measurement from the few samples obtained.
Conversely, if the sampling rate is higher than that necessary to reconstruct
the signal, expensive computer time will be wasted processing unnecessary
data. It is obvious that a million samples would not necessarily produce a
better defined record, indicating that there is a direct relation between the
rate that the data vary and the number of the samples needed to accurately
reconstruct it. The rate that a signal varies is directly related to its
maximum frequency content or bandwidth. The commonly used sampling rate is
five times the maximum data frequency content or bandwidth of the signal.

The bandwidth of an FM tape recorder is directly proportional to the tape
speed. The actual bandwidth versus speed varies with the recorder; for
instance, using PM Wide Band I at 120 inches per second (ips) the FM bandwidth
is 80 kHz, at 60 ips the bandwidth is 40 kHz, etc. A proper sampling rate can
therefore be selected based on the tape speed. For example, to record
information with a frequency content of 40 kHz, the tape speed would be set at
60 ips which would indicate a 200k samples per second rate that is five times
the bandwidth.

For data channels with calibration steps, one has a choice of two
digitizing procedures. Normally the calibration duration is approximately 300
milliseconds, while the event lasts only ten or twenty milliseconds. The
first choice is to make two passes over the data: one at a low digitizing
rate for calibration steps and one at a high rate for the event. Often this
method leads to bookkeeping uncertainties in matching calibration steps to the
event. The second, and more preferred , choice is to digitize both calibration
steps and the event at the higher digitizing rate and to eliminate the
uncertainty, even though many more data are generated. The excess data can
then be eliminated at a later time as discussed in Step 3.

The HP digitizer has the capability to digitize up to 16 channels of data
in one pass of the analog tape. Consequently, the data that are stored on the
disc are interwoven; that is, they are stored xl, Ylj...j z j X2* Y **00~

22,... 1 $These data need to be sorted and this is discussed n Step .
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Next, the data on the disc file of the HP1OOO must be transported to a
disc file on the BRL mainframe where the data analysis programs reside. The
data can be transported in two ways: 1) They can be transferred to a 9-track
digital tape which is then hand-carried to the CYBER tape library. 2) They

can be transmitted interactively from the disc through an HP9845 desktop
computer/terminal to the CYBER MFA via a modem link. This process is
discussed in Step 1.

Step 1. Creating a file on CYBER MFA or MFZ

Data can be transferred between the HP1OOO and the CYBER using the modem link
on the HP9845 or using magnetic tape. Each method is discussed below.

A. Modem link

1.

2.

3.

4.

5.

We have chosen not to link the HP1OOO directly to the CYBER.
Instead, the connection to the CYBER is through an HP9845 using an
emulator routine which makes the terminal look like a Tektronix 4014
to the CYBER.

An HP9845 is connected to the HP1OOO. Data can be transferred from

the HP1OOO to the HP9845 and then to the CYBER. The reverse transfer

can also be made.

~is method is slow and is not recommended for large data files.

Directions for using the HP9845 communications are given in Appendix
A.

The disc file on the CYBER MFA contains data in the following format:

Record 1 contains

DT Time between samples
INW Number of data words

Records 2,3...contain

INW data words

All data are in format (4E20.14). If INW is not a multiple of four, the
remainder of the last record is filled with zeros.

B. Magnetic Tapes

1. At the present time, this method is still the most efficient and
least time-consuming way to transfer large amounts of data to the
CYBER. Interactive usage on MFA greatly increases the clock time for
a job which uses tapes. It is faster and cheaper to read tapes on
MFZ . The user has the option of reading his tapes on either MFA or
MFZ .

2. Directions for using the procedures to read specific digital tape
formats and an example are given in Appendix B.

9



3. The disc file created on the CYBER by the program which reads the HP
tape contains data in the following format:

Record (buffer) 1 contains header information

ITYPE
NAMEF
MSSG
NCHAN
LRECL
NREC
IREC
SRATE
IPBR
DT

Type of File (o: A/D file)

File mme on the HP1OOO tape
Tape label
Number of channels
Logical record length
Total number of records
Number of data records (NREC - 1)
Sampling rate
Tape speed factor
Time between samples

Records (buffer) 2 through NREC contain the data.

This format is repeated for all the files on the HP1OOO tape.

4. To read the disc file containing the data, you must use an
unformatted READ for the data records for each file transferred.

The FORTRAN statements required are as follows:

10 READ(u) ITYPE,NAMEF,MSSG,NCHAN,LRECL,NREC, IREC,SRATE,IPBR,DT
IF(EOF(U).NE.0) GOTO 100

DO 20 J=l, IREC
READ(u) INW, (IDATA(I),I=l,INW)
●

●

.
20 CONTINUE

●

●

.
GOTO 10

.

.

.
100 STOP

NOTE : 1) Since the current maximum logical record length in the
programs which create these tapes is 8192 (16-bit words), the
number of CDC 60-bit words required is 2185 per record
(buffer). The actual limit in the CDC program to read the tapes
is 3000.
2) At the moment, only A/D tapes (ITYPE=O) are converted.
Other types of tapes will be developed later. If it becomes
necessary to read these tapes on the CYBER, appropriate changes
will have to be made in the conversion program. The program
will print a warning if ITYPE + O, but it will not prevent

execution,

10
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3) u is the unit number you assign to read your disc file in
your PROGMM statement.
4) INW is the number of samples in each record.
5) Unformatted input/output transfers data between main memory
and an external storage device. Data are not converted to any

format when read or written this way. However, the user should
be aware that the data, when written in a formatted WRITE, are
actually INTEGER data.

Once the data have been transferred to a CYBER disc file, they must be
sorted since, when the digitization is done~ all channels of interest are
sampled at one analog tape position before proceeding to the next position.
This is Step 2.

Step 2. Sorting the data into contiguous sequences.

The data are obtained by sampling all channels from the analog tape to be
digitized at a given position before moving on to the next position, as
Illustrated in Figure 2.

I 1 I 1

I I 1 I
in I In t MQahanndl

1 n 1 I n 1 &taaharwm12

i I i I
●

●

I I I I
1 , a , data dwnneIJ
I I-Ii I UI

N N+l
Figure 2. Data Sampling Format

Since the analog tape is actually moving at a constant speed, there is a
slight time skew from channel to channel, but this skewness is normally
negligible compared to the sampling rate.

A computer program has been written for MFZ to sort the data into
contiguous sequences, plot the sequences, and write a permanent file for the
next step.(See Appendix C.) Since all of the data for one channel are not in
memory at any one time, several sequences are formed and stored on temporary
files, one file for each channel, until the end of the digitizing pass. Each
temporary file is then written, in order, to the permanent file in such a way
that all of the sequences for the first channel are written first, all of the
ones for the second channel are next , and so forth. This procedure is
illustrated in Figure 3.

11



INPUT FILE

DATA :
‘j, i,k

J = 1,2,...,J (REcORD NUMBER)
~ = 1,2,..6,1 (ITEM NUMBER WITHIN RECORD)

k = 1,2,...,K (DATA CHANNEL NUMBER)

b= 1

Xj, i,l

1= 1,2,...,J
i = 1,2,***J

TEMPORARY FILES
k=2

xj. i,2

= 1,2,...,J
i = 1,2,,6,,]

OUTPUT FILE

● ☛☛

k=K

‘j, i,K

J = 1,2...., J
i = 1,Z,eoe,l

k

‘j, i,k

= 1,2,...,K

j= 1,2,...,J
i = 1,2,...,1

i

NOTE Temporary files are necessary because the data are
read one record at a time and the quantity of data may be
very large.

Figure 3. Schematic of the Procedure To Sort the Data
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In the example shown in Figure 4, the calibration steps and the event are
digitized in the same pass. This method creates an excess of data points. An
editing procedure to save only the pertinent data is discussed next in Step 3.

Step 3. Editing the Data File

A typical channel of data can be divided into seven sections, as shown in
Figure 5. Not all channels contain every section. Sections 1, 3, 5, and 7

contain data which can be deleted; however, the duration of Section 5 must be

accounted for if time is counted from the fiducial mark in Section 4 and is
stored in the variable TSTART on the output file. Using this rationale on the

example in Figure 4, sequences 1> Z) 133 17~ 18~...~23 can be deleted. Now ,

sequences 3 through 12 make up section 2; sequence 14 makes up section 4; and,
sequences 15 and 16 make up section 6. There is no section 5 in this

example. Next, we sample section 2 at equally spaced intervals. Thus , using

this method, we have vastly reduced the number of data points.

A computer program has been written for MFZ to edit the data, plot the
results, and write a permanent file to be used in Step 49 where the conversion
to engineering units is done. The input parameters required for the program
are: 1) the sequence numbers where sections 2 through 7 start, 2) the sampling
interval for the calibration steps (for instance, if one sample is taken for

every fifty input data points - the interval equals fifty), 3) the sampling
interval for the event, and 4) the option to print a message. For the example

in Figure 5, the input, format 915, would be:

3 13 14 15 15 17 50 1 0

Following this process, the data points for a given channel can finally be
merged into one sequence. A computer Listing of Step 3 is in Appendix D. A
plot of the results thus far is shown in Figure 6.

Step 4. Converting to Engineering Units

A computer programl was written several years ago to convert digitized data
into engineering units. The program was modified to accept the data produced
in Step 3. The mechanics of handling the data are different, but the actual
conversion is the same. The equipment producing the data and recording them
on analog tape has not changed; just the digitizing equipment has changed.
This FORTRAN IV program directs the digital computer to read the information
from the computer file, perform the many necessary calculations, and provide
the reduced data in tabular andlor plotted form as output of the computer.
‘l%isprogram, which is in modular form, has many options which are chosen
according to the particular input data and the desired output. The options

available to date in the program are: (1) calibration, (2) location of a step

function, (3) conversion of the dependent variable to engineering units, (4)
integration of the dependent variable, (5) plotting of the output data, and
(6) tabulation of the output data.

lC.L. Haqj, R.L. Martz, E.M. Wineholt, “An Improved Procedure For The
Reduction of Interior Ball%8tic Data Recorded on Analog Tape,” BRL MR
2374, April 1974 (AD 919924L).
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Figure 6. An Example of the Data Remaining After Editing

Basically, the conversion is accomplished by fitting a second-degree
polynomial by the method of least squares to the amplitudes in counts of the
calibration steps which have known values in engineering units. Thus, the
relationship between engineering units and counts is determined and the
conversion can be accomplished. The time for each data point relative to the
fiducial mark is also calculated. The option to integrate once or twice is
provided as well as the option to plot or not. A listing of the program and a
sample input and output are in Appendix E.
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Various parameters are necessary input data for the program, as
illustrated in Figure 7. They are:

1. NX The number of samples to be averaged for each
calibration step,

2. NY(i),i=l,...,NS The sample indices marking the position on each
(NS < 6) calibration step to start processing data,

3. ITZ The number of samples to skip after sampling the last
calibration step before starting to search for the
fiducial mark,

4. Ix The number of samples to skip after the fiducial nuirk
to reach the data which are to be converted to
engineering units,

5. IBSE The number of samples to skip after the fiducial mark
before starting to sample the baseline,

6. B The calibration constant for the gage in engineering
units per calibration step, and

7. DLTM A time adjustment to be subtracted from the value at
the fiducial mark, TSTART, which comes from the data
file.

some channels of data may not have a fiducial mark so the program has the
option to skip that part. Time is then counted from the first sample.

These parameters and other control variables either have default values
which can be changed using NAMELIST or are read in as card images. The
details and an example are provided in Appendix E.

NY(2)+ 1+111

I II I
w)+ *[ 1 i

I NM
1

I I 1v1

I
I
1

I I
I

I I
I I

Figure 7. Graphic Explanation of Input Parameters



III. CONCLUSIONS

To convert experimental data digitized by IBD’s HP1OOO minicomputer system
into the same computer file format required by existing computer programs, a
four-step procedure has been devised. Separate steps are necessary because
engineering judgments must be made before further processing is possible.
These steps are:

1. Reading the data into a computer file,

2. Sorting the data so that all the data samples for one channel are
contiguous in a file,

3. Editing the data so that unnecessary samples are not processed
further, and

4. Converting the data into engineering units and creating an output
file with the same format as previously generated in Reference 1.

This output file now contains the data In the format required for input into
numerous experimental data analysis programs.
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APPENDIX A

INPUT TO CYBER MFA VIA MODEM LINK ON HP9845
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APPENDIX A

1. Preparation.

a. Turn on HP9845 and 7906 disc drive.

b. When disc drive is ready,

LOAD “ANPACK:D12’’,10

c. When menu appears,

El (Data Communications)

d. Choose data link.

lm for HP1OOO or Zm for CDC

e. Specify HP9845 file.

When “terminal ready” messageappears, indicating the terminal

emulator program is loaded, then

~ (1) TO get into edit mode

(2) It is not necessary to change any info on the first line.
If you are going to the CDC and you do not want your
password displayed on screen, YOU msY want to change ECHO

to ON by using ~] to space over and use STEP key to
change to ‘ON’.

mEl- To store data communication information line

(3) This line needs to be changed to the name of file and
its size on the HP9845.

Change TEST:T15 to filename:C12

Change SIZE=O1O to # of records you want

mEl - To store file info line

(4) Will get a message that edit mode has been exited.

(5) If this is a new file, then it must be created. If it
is not, skip this step.

=~ To create file on HP9845
Answer “Y” to creation question. Message will appear on
screen when creation is completed.

21



f.

2. From

a.

b.

c.

d.

e.

f.

3. From

=] Sends prompt to CDC or HP1OOO. Wait for LOGIN messages.

CDC to HP9845.

LOGIN to CDC

Repeat I.E.(1) through I.E.(4), changing first edit line back to
ECHO OFF if you turned it ON.

/GET,A=Pfn. @=-

@IASSIGN,TT,B. c

/COpYSBF,A,B. NO Q~R !—

mm to turn record on

a

When finished recording,

mm to turn record off

Log off CDC

/BYE

mm to disconnect from CDC;

now back under control of HP9845.

HP9845 to CDC

a. LA)GINto CDC

b. Repeat I.E.(1) through I.E.(4), changing first edit line back
to ECHO OFF if you turned it ON.

c. Terminal definition defaults are set to emulate a Tektronix
4014 with a page width of 80 columns. If you need to set the
terminal definition (TC parameter) to another terminal or the
page width to a different size, then enter

/TMDEF,TC= ,Pw= .

See the NOS IAF Manual for parameter values. For most data transfers
from the HP9845, the default parameters will be good and this step can
be skipped.

d. Data transfer procedure:

NEW,LFN1
TEXT
‘Enter Text Mode’ message returned by CDC

22
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4.

IEml Dml
“N” to handshake message from the HP9845
Data being transferred will be displayed on screen.
When all data has been transferred,

IEiEml m ‘hen m=R o
This terminates the input in TEXT mode and gets you back to READY
mode in IAF.

e. Check the data transfer:

/REWIND,LFN1

/LIST,F=LFNI

f. To save the file:

/SAVE,LFNl=PFN/PW= ,M= ,CT= .

&3* Disconnect procedure:

/Fm

IzIEl IEl

From HP9845 to HP1OOO.

a. Log in to HP1OOO.

b. Repeat steps I.E.(1) to I.E.(4), changing file info line to
correct file name and file size.

c. @:ST,l,NAMR - No C ‘m—

m m Upload

11 *1N to handshake question

m

d. When finished transferring to HP1OOO,

DO NOT ml m] as this will cause great problems.

e. Be careful not to hit

mEl ~ as this will write all kinds of error messages
over your file on the HP9845.

f. Img off HPlooo

:EX,SP

23



g“EEElm to disconnect,

5. From HP1OOO to HP9845.

a. Log in to HP1OOO.

b. Repeat steps I.E.(1) to I.E.(4), changing file info line to
correct file name and file size.

c. ST, NAMR,l No oCR “m—

EEmlm to turn record on

Eml to start recording

d. When finished recording,

Eml m to turn record off

e. Log off HP1OOO

:EX,SP

f“ m m ‘0 ‘is’onnect

24
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APPENDIX B

INPUT TO CYBER VIA MAGNETIC TAPE

25



APPENDIX B

1. MFA

Usern.
USER,username ,password.
CHARGE,account,project number.
GET,HPTAPEB.
FILE,TAPE7,CM=N0.
BEGIN,GET,TAPE, LF=TAPE7,VSN~sn,DEN=1600 ,TK=9,LABELED=N0, S.

where vsn=tape library number
HPTAPEB.
REWIND,TAPE1O.
SAVE,TAPEIO=pfn.

where pfn = name of disc file you are creating.

Note that input tape from the HP1OOO must be on unit 7 and your output disc
file is on unit 10.

2. MFz

Usern,STMFZ,P4,NTl .
ACCOUNT,account.
BEGIN,READZ,HPTAPEP,VSN=vsn,PF=pfn, ID=userid.

where vsn = tape library number,
pfn = name of disc file you are creating, and
userid = your ID on MFZ.

It is strongly recommended that you use this procedure and copy your file from
MFZ to MFA if you need the data on MFA.

3. Listing of MFA file ADTAPEl/UN=BOOTS:

BOOTS,STMFZ,P6 ,NT1.
ACCOUNT,PDXXX .
BEGIN,READZ ,HPTAPEP,VSN=6978 ,PF=LOLA2,1D=BOOTS .

27
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APPENDIX C

IMPLEMENTATION OF STEP 2
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APPENDIX C.1.a

Listing of MFA File ADTAPE2/UN=BOOTS

31



APPENDIX C.l.a

Listing of MFA File ADTAPE2/UN=BOOTS

a. Job Control Language

BOOTS,STMFZ,P6 ,TIOO.
ACCOUNT,PDXXX .
BEGIN,ATTACH ,PLOTLIB.
ATTACH,TAPE1, LOLA2,1D=BOOTS .
REQUEST,TAPE3,*PF.
REQUEST,TAPE2,*PF.
REQUEST,TAPE13,*PF.
FTN,R%O.
LGO.
EXIT,U.
BEGIN,PLOT,CALCOMP ,TAPE13.
CATALOG,TAPE3 ,LOLAD,ID=BOOTS .
CATALOG,TAPE1 3,PLTT,ID=BOOTS .

33



APPENDIX C.1.b

Program
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1

s

10

1s

2s

3s

35

~ RDMTD(INPUT,0U7PUT,7 APSS”IWUT TW26=WTWT TRP21,TWE3,
8 Tm13*TwE14,TnMls# TMle,TM17,T&18, TM19.Th,
s TAPE2S ThPE21 TME22,TWE23 7AP284 t_,T_)

COIWON htTCRdOS) CH(*).WH.fiBUeNU,K.IRD CH1(2600) IK,ISU,
* cH2c2s90),cH3(es66 ),cH4c2sss) Ws(sseo) CH6(2S06) CHW2SA) WV,
8 CH6(2SOO),CW(2SSO) CH1O(2SSO$ CH11U?$06) CMlW!6h),C6L(2S&)
* NCALNCMMS6Qc8), I#L,IDIM,NdF,~, JJ,NU$fDIM4606----- _—-

IPL=I

6s

6s

10s

SOS

1s00
1108

IRD.,
URITE(6 i6M)
CALL RDhl( 1 )
M 6s IU=14,26
REUIND IU
CONTINUE
MD=IRD+l
M2R=NCH$(IDIW?W)
~.~LK~BR
IF(tOLK-WW42RoNE :.0) NCV=NCV+I
1~.1
IK.1
Nus=@
Ncnt.=o
Ncl+n=o
DO 600 I=l,NW
IF(I.EO.WY.M. IMS(NBM-WVS_).NE
DO 1SS N=i,N2R
CALL RDDTA(2)
CALL DEMLILT(N)
CONTINUE
KwK-1
CALL WTDTA
CONTINU
URITE(6 llM) fWnL,NCHn
C6LL UR+TPE
CO TO SS
FORMAT(lH1)
FORMT(’ W. OF ChL BLKS’,11O,5X,’NO.
END

,.0M2RDIhSS(MLK-(NCY-l

OF D8Th UKS’, I1O)

)&NBR)

37
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1s

a

38

46

45

60

56

66

Es

13
100

110

115

126
121
122
la3
124
125
126
127
128
126

:3

18W

* i~+w
RJ=I!OD(W6,NCH)
IF IJJ.GT. o)aoToli5
ii) 186-MS;NJ ~

bIF(RJ. G7. O..M .M+HCH.6T.W) 00 TO 110
IF(ISU.EO. 1 ) IK=K
Isu=a
IF(PUW. OE.1)
IF(IWH. OE.2)
lFCWI.OE.3)
IF(Nctl. w.4)
IF(IWH. OE.5)
IFcrwH. aE.6)
IFC14CH.OE.7)
IF(MH. OE.8)
IF CWH. OE.9)
IF(NCH. OE.1O
IF(MCH.OE.11
IF(wH*aE. i2

CHf (K)~ISTOR(M)
CH2(K)=X8TOR(H+1)
CH3(K)*ISTOR(M+2)
CH4(K)=X6TOR(M+3)
CH6(K)=18TOR(M+4)
CHS(K)=16TOR(M+5)
cH7(K)=IsToR(Pl+6)
CH8(K)”ISTOR(R+7)
CHEJ(K)=ISTOR(M+8)

) CH10(K)=IST~(R+9)
) CHll(K)=IST~(R+lO)
) CH12(K)=ISTM(H+11)

00 TO 60
CAL(K) =16TOR(H)
K.K+l
IF(K. EO.11
IFIK. EO.11
coNTIrwE
RETURN
JJm~+l
p##

~..JJ+l
JS=JJ -
JI=JJ+l

,.WD
.6ND

I. ISU. EO.1
.ISU.EO.2

WITE(6,
URITE(6,

irn )
1666 )

---- -
JJ.~
~m~-JS+l

00 TO (120,121, L22, 123 124 12S,126
IF(JJ. CE.1) CHi(K)”IST6R(ti)
IF(JJ. OE.2) CH2(K)=IST~(W+l)
IF(JJ. OE.3) CH3CK)-ISTOR(M+2)
IF(JJ.0E*4) cH4c K)= IsToR(m+3)
IF(JJ. OE. S) CH6(K)=16TOR(~+4)
IF(JJ. OE.6) CW(K)=ISTOR(RN+S)
IF(JJ*CE.7) CH7(K)”16TOR(M+6)
IF(JJ. GE.8) CH8(K191STOR(HM+7)
IF(JJ, QE.9) CH6(K)=16TOR(MR+8)
IF(JJ, GE. iO) CH10(K)=XST~(iW+9)
IF(JJ. OE. il) CHll(K)=IST~(RR+ lO)
IF(JJ.OE.12) CM12(K)=ISTW(M+11)
IF(JJoEO.IWH)K=K+l
IF(JJ.EO.WH)OO TO W

F~T(lH ,16,16F8.@)

.127,

IRD, (CW(J), J~
IRD, (CH1(J),J=

128,126,138,131

‘1,1O)
‘1,1O)

),JI
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5

10

15

28

25

38

3s

4e

45

w

Ss

88

100

1088

am

------
)(B.1.X

VB-.4
~x.5.
vnx94.
XPACE-7
VPME¤4
FhCT=l.
IUNIT=l
LABEL( 1
LA8EL(2
LMEL( 3
LA8EL(4

3
) - 10N Bores
}=lM 6121
)=lew DA
)=IWLOLA2

me

‘6

HODS=1
C6LL PLTBEG( XPACE,VW, FACT. I WIT, LA=L )
xnI=@.
xMA=IDIM
Yflx-@o
~~.s~ .
Dx=wo
Dv=leti.
Xs= ( xnA-xRI )4(AX
*. t Vlln-wnl I/van

iALL LA8ELn(DX:DV:)

C1’rr=ol
CALL PLTSWI(CH7,1TITLE( 1),0.,%
TIC=DXXDTXlOW.
TIME=DTXFLORT(NU)X1889.
TV=YNA+. 291W
ENcoDE(12,2eee, ITITLE)wmEF
F-AT( lH AIO it+>)
CN.L PLTd(Mf, ITIW,O., W,TY)
TX=XMI-XS*l .ss
TV9VM-VSI.3

!,l. )

TV)

tiLL PLiSWII(CNT I+InE;.o ,n w )
BALLPLTTJTSUIODt.O,COUNT(l ),hl(l), NU,O)
WLL PLTPGE
RETURN

39
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s

10

15

200

360

1

_.._
RETURN

. .

IF(ICODE.W.21 GOTO300
RIWD(l) tW, (ISTOR(I), 1=1, fW)
IF(EOF(l). ~. O.) STOP
RETURN
URITE(6.2)ICODE
RETURN-
FORFW(//,’ FILE ~ ‘, M@,13X.’ MO. OF CHMNELS ● ‘,1S0

-* ‘ MO. OF RECORDS ■ ‘,116,6X,’ LEMCTH OF h REC~D ● ‘,110/
‘ TIME INCRUWIT,SEC ● ‘,E12.5//)

&OFOWW(’ RD~TR ERROR, ICOK ● ‘,I1O)



—

19

15

20

as

39

35

40

45

“iFixsu.Eo.a) 00 To 49
bWITE(14) K.(CAL(J), J=l, K)

4s

5s

t

_.._
NcALmiM.+i-
RETURN
lF(IK.EO.l .MiD. IsU. EO.2) 00 TO SS
KK=IK-1
IF(KK.NE.O )WITE( 14) KK, (CAL(J), J=l, KK)
IF(KK. NE. O) NCAL=WfiL+l
IJ=K-KK
IF(WH. CE.1) URITE(lS)
IF(NCH. GE.2) URITE(i6)
IF(NCH. GE.3) URITE(17)
IF(NCH. GE.4) URITE( 18)
IF(NCH. GE.5) WITE(19)
IF(NCH. GE*6) uRITE(2e)
IF(NCH. GE.7) URITE(i?i)
IF(NCM.GE.8) UR17E(22)
IF(NCH. GE.9) uRITE(23)
IF(NCH. GE.1OI URITE(24
IF(NCH.QE.11) URII’E(25
IF(WH. GE.12) URITE(26

IJ, (CH1(J),J=IK, K)
IJ, (CH2(J), J= IK, K)
IJ, (CH3(J), J”XK,K)
IJ, (CH4(J),J”IK,K)
IJ, (CH5(J),J-IK,K)
IJ, (CH6(J), J= IK,K)
IJ, (CH7(J), J= IK,K)
IJ, (CH8(J), J= IK,K)
IJ, (CH9(J). J= IK,K)

) IJ. (CHIO(J), J= IK,K)
) IJ, (CH1l(J), J= IK,K)

) IJ, (CH12(J), J= IK,K)
XK=l -
NCW=NCHR+l
RE71JRN
IF(NCN.CE.1) URITE(15) K,(CH1(J),J=l,KI
IF(NCN.GE.2) URITE(16) K,(CW(J),J”l.KJ
IF(NCN.GE.3) URITE(17) K,(CH3(J),J=1,K)
IF(~.GE.4) URITE(18) K,(CH4(J),J”1,K)
IF(NCH.GE.5) URITE(19) K,(CH5(J),J’lSK)
IF(WH.CE.6) URITE(20) K,(CH6(J),J=1,K)
IF(NW.GE.7) URITE(21) K,[CH7(J),J=1,K)
IF(NCH.CE.8) URITE(22) K,(CH8(J),J=1,KI
IF(NCH.GE.9) UR17E(23) K,(CH9(J),J=1,K)
IF(NW.CE.1O) URXTE(24) K,(CHiO(J),J=l,K
IF(NCH.CE.11) URITE(25) K,(CH1l(J),J=l,K:
IF(NCM.GE.12) URITE(26) K,(CH12(J),J=1,K
URITE(6,1)NCV,NCHA,K, (CH1(J ),J=I,1O)
FoRmT(311e,isF7.e)
Ncw=ww+l

RE7Uti -
END
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1

s

10

15

26

2s

36

36

46

4s

to 366

-OUTIIE MRTTPE
CORHONISTCR(2SW) CWW(6SW). WM6LK,NM.K,IRD W1[6S66) IK MU,

* Cm(-) .cm(asd).cMc- )#M(mo) cN6(6sd) CH7(6666) b,
S CH6(6S66),CH9(2S66)CH1O(2S66)Wll(~Sd),W18(~),ML(*J
s NCALNCNIMS60(8),ipL. IDI%NRhEF.DT. JJ,NUS

DkNSb DnTn(2S66 )
w S 1=1. IDIH
CWNT(I)=I
y:E

IPL=l
IF(MChL. EO.Ol@
URITE(2)MEF
IRDl=IRD+i6666
URITE(2 ) IRD1. DT,WH,NCAL
REUIND ITPE
DC 260 N=l,NCRL
RE6D(ITPE) NU,(DMA(J),J=l WI
IF(N.EO. i ) URITE(6,16601 IkDld$U.(DATfMJ) J=1,1O)
IF(N.EO. NC6LZ2) URITE(6 1M6) 2RDI,NLI (ZM+MJ),J=1,1O)
IF(N.EO. NC6L.) URITE(6,1&6) IRDl#W,( bTMJ),J=l,l O)
IF(N.EO.l)CALL PLAT(IPL, DhT6,1RDl, N)
URITE(2) NU,(DATA(J) .J”l, NU)
CmTINw
ITPE=ITPE+l
wITE(31NnuF
uRITE(3) IRD. DT.NCH.IICHA
ik-6ti-N=I,iWN - -
IRD1oIRD+166$N
REUIND ITPE
DO 4W I-i.NCHA
RERD(17PE) W (M7WJ), J=1 MU)
IF II. E0.1)WI+E(6,1H0 )IT*.M
IF(x.Eo. iluITE(6,1Ho)mcH
IF(I. EO.1) URITE(6,1OW) IRDl, NU,(MTh(J), J=l,lO)
IF(I.EO.WW2) URH’E(6,16S6) IRD1,NU (DhTh(J),J=i 10)
IF(l.EO.IWIA) UR1TE(6 1060) IRD1 MU (biT#l(J),J=l,161
IF(N.EO.l)ChLLPLAT (iPL,DAT&IRki)
l#?ITE(3) NU, (MTfi(J),J=l,NU)
CONTINUE
ITPE=I?PE+l_..
CON71MUF -
RETURN
FORWT(lM ,2I1O,1W8.O)
END
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Sample Output
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No. OF
26

16
4

BUM
a4

2s

1 8377* a381. 2387* 8381* 8388. 2379. 2376*
W8 ;~& ~~liLK~7?b&. ~U6 .

2374. 2371.
2382* 2376. 23?8. 2374.

@

101
101
101

1:

291
201
261

17
4

3ei
#

18

2648
2648
264B

26

8642
2@42
2948

25

2648
2648
2648

22

:::.

2381:

2637*
3s22.
2636 ●

2725.
1167.
3413.

:::

3462.

2162.
3190.
238? ●

;:;; .

2646:

p:.

3403:

:fg .

3466:

y:.

23s1 :

~6: .

2644:

2722.
1Z19.
3398.

2676.
1178.
3410.

y:::

2388.

2629 ●

W23 .
2640.

~::.

3464:

2s69.
1178*
3410.

yg.

2382:

2028.

%&

2722.
1217.
3411.

gg .

3401:

2158.
3182.
2376.

a27.

%%! :

2728.
1218.
3410.

2662.
11s.
3386.

y=.

2376:

2036●

362s●

2642*

::;;●

3463:

2552.
11s6.
3483●

2163.
3181.
2374.

*4,
ml ●

2MS ●

2732.
1206.
3400.

2559.
1128.
34s6.

a371.

;:;;●

2371:

2645.
3836.
2641.

::g ●

3411:

;5ss :

3404.
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APPENDIX D

IMPLEMENTATION OF STEP 3

49



—.

APPENDIX D.1.a

Listing of MFA File ADTAPE3/UN=BOOTS
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APPENDIX D.1.a

Listing of MFA File ADTAPE3/UN=BOOTS

am Job Control Language

BOOTS,STMFZ,P6 ,T30.
ACCOUNT,PDXXX .
BEGIN,ATTACH ,PLOTLIB.
ATTACH,TAPE1 ,LOLAD,ID=BOOTS ●

REQUEST,TAPE3,*PF.
REQUEST,TAPE13,*PF.
FTN,R=O.
MAP,OFF.
LGO.
CATALOC,TAPE3 ,LOLAED,ID=BOOTS .
CATALOG,TAPE13 ,PLT,ID=BOOTS .
BEGIN,PLOT,CALCOMP ,TAPE13.

53
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APPENDIX D.l.b

Program

55



—

66

1

s

10

1s

so

166

S66

1066

S60

100 6MTIMJE_——
6S066TOS66
3WWITE(6 i)IDIn

WTOSJ6
~ TIKQTIE+~FUT{W) fiLMT(WH)

1
REtuRft
FW!WT( ‘ MRNIIK -- DhTA BLOCK EXCEEDS ‘,I1O)
END
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1

6

10

16

26

2s

36

166

266

W6

1

SLJMOUTI- RDDTMIC~)
COMRONTERP(6660) COlJNT(R36S6),M~(~=) IPL ICNT NTS(84),

* m m IRD,NCNA~DIW-ODfs*T~TI=~I~~(g;~I~(~)

:E%?a$l’ Qb TO h
IF(EOF(l).W.O,) STOP
READ(l) IRD,DT NCHNCNA
URITEC6 1 )NdF, Nh DT *W
IF(IRDeLT.lm)uRIk( &,4)
IFc IRDowol-oJuRxmta#6)
READ(6,3)IFM, I*R IHSQ
IF(EOP(S)oK. oO)ST&
DO 166 1=1,24
NTSCI)=W
CONTIIWIE
IF(IMeW.O)EM cS,6)cWS(I )- I=13#24J
TIHE=.O
IF(IM(l ). EO.O)I*H(I)=l
IF(IM(2).EO.0)1*(2)”1
UR1TE(6,311FR% I!M%IR*
DT.~L~T(IsN(e ))
RETURN
IF(ICOK.K.2) GOT0366
READ(1) HU,(TEMP(I)eI=ltM~
If(EOF(i).~eO.l STOP
RETURN
URITE(6,2!JICOK
RETURN
FOMRT(ZZ ‘ FILE ME ‘,A1O.13%’ W* * ~Ls ●

8 ‘ h IrmEm4T,sEc “ ‘, Ela*6,’ ~. OF MTA

23FORWds#D&Wh ERROR, ICODE ● ‘,I1O)
3 F~T(91S)
4 FO~T(’ MT* CHANNEL’)
S FORMhT(’ C6LIBRRTIOMCN#QKL’)
6 FORMT(IW)
Em” ‘-

58
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s

10

15

20

2s

s

3s

4s

4s

66

Ss

6s

1ss

1ss6

SU6ROUTI* PLAT( IpLOfoIml )
~ THQP(26SO) COUMT(236SS),DRTM~30S6)IPL,IW ?476(
s MCH MU lRD,NCtWfDIM NMEFsD7,W7, TIK, IF&M6),ISnh[i6)

DIHE&SI&NIAJEL(4) IThLE(3)
IF(IPLOT. GT.1) QO % 1SS
IPLoT=a
)(B.1.7S

y~.4.
XMGE=XAX+2.2
WME=4.75
FACT=l.
IUNIT=13
LADEL(l)=lW BOOTS36S
LnBE1.(2)=lW 6121
IABEL(3)”1SHEDITTED M
LA6EL(4)=lW17A - LOLh6
NODE=l
CALL PLTMG(X=,W=,FM7,1UMIT,MBEL)
~1.@.
g;=.

vS=(WW-VWIMWX
CRLL PLT6Ch(XB VB XRI,VNIXS,YS)
CALL PLTUND(XMfXkiWII vk)
CALL PLTMS(DX,h.~l,*,WIJVM.
CALL LABEL6(DX,IW XMI,M8 W!I,VM,
ENCODE(3S,m6,1ThLE) IRh
FORMT(W ID,I10,8H PLOT,6X,1H)
Tx.xmr. .-----
w+m+,ssws
CM7=.1
CALL PLTSW4(CH7,1T1TLE(1),0.,TX,V
TIC=DXXDTSlSS6e
TIM=DTWLMT(WT )Xlew.
w=wm+.eesvs
ENCODE(i2,29@6, ITITLE)NMEF
FORMT(iH ,A1O lH))
CALL PLTSVM(CH+,ITITLE,O.,TX,TV)
TX-XR1-XS*l.S5
Tv.vnn-vs*.3
I+I+~g(l~=liiHTI= MS>
CALL PLT6VN(CH7,1+ITLE,0,,TX,TV )
TV*VM-W*.4S..-. ---- .-
&iCODE(16,3S6S ITITLE)TIR
FORMT(BH /FR& F7.3,1H>)
CALL PLTSW(MT,I$X~,O.,ti,TY)
~m~-~8.6
ENCODE(16,4SOS, ITITLE)TIC
F@lW(2H /TIC= F7.3,1H>)
CALL PLTWR(CMT I%LE,O.,TX W)
~L: m~ymhOIMTcl )AWn(l

RETURN

,4)
,1.,1*)

1)

) ,lw?,@)

a4).
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s

10

1s

M

s

‘S WT,TI?IE,DT
:IPL, I&D)
M7A[JI, J=1,?W)
w)(MTA(J),J=1,2S)

84 ),
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APPENDIX D.1. C

Input Card Images
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APPENDIX D.2

Sample Output
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FILE H L2R47
TIIE I~,SEC =

FILE - *47
TIK IWI?E=NT, SEC =

16
1 !84

;;:: ●

1 2“4
2632 ●

28s .
134

2626*
2678.

144
2427 ●

2s87 ●

Sei

2138.
21s2.

244e*
2s17.

.12ss02-04 %: i?

D6T~ CWU$NEL
66 682

NTs *$? 5 2:71
2629. 2846. 20* .

2e3e: 2945. 2033 ● 204s .

FILE NW L=46
TIIE INCREMENT,SEC w

MT: cH&EL
14 14

NTS ;@#R46
2ee7.

2884: 2811*
NTS ;==46

. 2336.
23S4 .

NTs ?&6
● 2978.

2971 ●

NH %&B
2a8; .

2639. .

c+w2KLs= 4
MTa 8U8SETS ● 26

2134. 2136.
2i5e. 2146.

NPT”
2e47 , 2e39.
2e3e ● 2e4i.

~.
26s1. 2632.
27W . 2693.

~.
2445. 24S3 .
2S18. 2s3s ●

CWWELS ● 1
D6Ta SUBSETS ● 28

e
~.

2829. 2e38*
2838. 20= .

NO. OF CNNWELS ● 4
● 12S88E-84 NOo OF MTh SU8SETS ■ 2S

14 18
314

2019.
2884 ●

324
2328.
2342.

334
2976.
2%7 .

344
28s6 ●

2843.

281

2@16.
20810

2336.
23s2 ●

2s88.
2%9 ●

2849.
2817.

e
~.

2884. 2e17.
2096. 2816.

~.
2338. 23S8 .
z=. 2341.

~.
2991.

%%: 2976.
~.

2836. 28s8.
2833. 2837.

4688
g:%.

4688
2833 ●

2633*
4588

2644 ●

2686.
4s86

24S6.
2s13.

START9:IME

21s2 .
ST&6TIME

2943:
ST#46TINE

2689:
ST~&TI=

2s27:

-213%
2149.

“2e&
2843.

“26s::
267: ●

“2482:
2S29 .

22S69 STh&TIHE ●

2844. 2e4!:
2841. 2e3s: 2041.

8643
2s91 .
2ei3.

8643
2346.
2337.

8643
2972.
2889.

8643
281s.
2832.

ST$AHJIK

ST~fiIME

2344.
ST~aR~IRE

2984.
STtW9TINE

2664:

. e.
2oeil*
2eie.

9

235; :
2329.

■

287::
2973.

“2me:
2847.

UT ●

2133.
Z157*

DT .
2e33.
2841.

2663.” m
2691.

2496.0’ “
2s31 ,

2e33.DT m
2833 *

28s6.” ■

2829.

235e.DT ●

2318.

2266.” ●

2s85.
DT .

2817.
2861.

● 18s082-84

o12S88644

● 12688E-84

. 12608E+4

● 2s8--04

. 1228E-U

● 12SME-84

. i2weE-e4

● 12s882-04
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APPENDIX E

IMPLEMENTATION OF STEP 4



APPENDIX E.1

Listing of MFA File ADTAPE4/UN=BOOTS

71



—

Listing

a. Job Control Language

BOOTS,STMFZ,P6 ,MS300000.
ACCOUNT,PDXXX .
REQUEST,NEWPL,*PF.
REQUEST,BIN,*PF.
BEGIN,ATTACH, PLOTLIB.

APPENDIX E.1

of MFA File ADTAPE4/UN=BOOTS

ATTACH,OLDPL ,ADENGR,ID=BOOTS .
UPDATE,F,N.
FTN,I=COMPILE ,L=O.
ATTACH,TAPE1, LOLAED,ID=BOOTS .
LGO .
EXIT,U.
BEGIN,PLOT,CALCOMP ,TAPE13.
*EOR

b. UPDATE Corrections

*IDENT HpADl
*EOR

c. Input Card Images

$C&LR NX=5::NY(l)=::::NY(2)=7O::Y(3)~l5O,:Y(4)=23O,NY(5)=32O,
NY(6)=4OO,ITZ=1OOO ,IBSE=3700$

73
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APPENDIX E.2

Listing of MFZ File ADENGR,ID=BOOTS

75



: FOR THIS PROGRWBROADMS BEEN MODIFIEDSO TwT
c THE ENTIRE MTA SET IS READIN hT OK TIMEJ
c N C~T EXCEED2300S
c SINGLE INTEGRATIONd BE DW+EON THE ENTIRE D6TA SET
c DOUBLEINTEGRATIONC* BE - IF N DOES NOTEXCEED lkSO.m
u

10

46

4s

so

S5
2s

C- R(~5SSS). T(23-O), P(2-M), m, LP, MBEL(4), W(6), Y(6), IO(S)
1 ,SBL, I, TZ, JP, IX, DELT,IDZ,W(lO), LLC B, Sfi, SB, DTI-, NJ(lO) TSTMT,
2 SC, SKP W, XFAC, VFhC, TIT(3S), k, KP, ‘0, X8, NW(&4), ITZ,
3 WI(W), !Z. 1~, NOSR,N,I~(5). SS, KSTSl, KSTS?, YAX,JSU, KU

DI~NSION PI(1), P12(1)
EQUIVWEWE (R(1), PI(1) ),( R(12501), P12(1))
DIHENSIONS(3), RU(6), AF(6), SIG(3), TG(6), X(6), EO(6,

1 3) F(3,4), SX(6)
WmtIs/~zSW,W. VM, WMo VFM, ITM.NX,W, M. SS. In, W.Im
LABEL(l)=lW BOOTS
LA8EL(2)=l@MM 6121
LRBEL(3)=1W WD DA7R
LABEL(4) =lHEmlcTIoN

LLCS= 1
MP(l)= 1
W(a)= 3
W(s)= o
NX=40
?W(1)916
MY(2)=108
NV(3)=246
NY(4)=S6
fw(s)=4a
NV(6)=S66
~.ls@.
Ss= i.
)@)(.7.5
)rRc= 10
~x. so
VPnc= 1.
NS.6
IBSE=5C6

REAWW MTA

~.~c
Y8=l. s
KSTSI ●S-------
KSTS2=0
IF(NU.W. O)QOTO 21
RE#bD(S766) IPNO(21,1PM(3 ), B, IXS, DLTN,IDUtNLI$’T, IFID.NU
IF (Ed(S) ●NE. 0.) STOP
IF (HL16T .NE. 0) READ(5,C@UM)

NAIN
C19
NMN
HMO
WAD
HPfiD
HPfiD
HPRD
UPm.-. .s

~:4

CM
l#aD
WAD
HPAD
HAIN
MhIN
HPRD4
C2
HPAD3
HPAD
C3
c1
MhIN
HPAD3
MfilN
HAIN
MAIN
MAIN
MMN
MAIN
MAIN
HMN
MAIN
IMIN
HAIN
MAIN
RAIN
MIN
C3
MIN
NRIN
MIN
CAL2
ChL4
WIN
MAIN
WIN
RtJIN

%N
RAIN
HPRD2
HPAD2
MIN
HRIN

8
2
4
?
8

1!
11
1:

3



66

66

70

75

80

85

90

95

166

185

110

21

2s
c
c
c

la

136

146

1s0

166

170

180

186

2M

210

220

rn~+~-1
Do 25 KT=l, io
NJ(KT)=O

IN~Iffi 0PTION6 FRON3-DIGIT CODE

IF(Im(2).EQ.0. AND.IWO(3) .EO. O)M TO 666
11.a
IF (IPNO(II).K.1) GO TO 120
IDZ=l
1X=566
GO TO 266
IF (IPM(II
IDZ=l
IX=26C6
Go Toa8
IF (IPNO(II
IDZ=l

),

).

Ix.~@
GO T0266
IF (IPNO(II)
IDZ=3
1X=586
co to 260
IF (It+W(II)
IDZ=3
I)(.-
GO TO 260
IF (IPNO(II)

-.. —---
Go To 2-
IF (IPNO(II)
Tn7.c

~ag

llw(3)=e
mP(4)90
GOT0286
IF (IPW(II)

:3 ).2
Kp.,
WC
noP(4)=o
60 To 266
IF (IMO(II)
-.,

:.2

:.3

.NE.4

.W.5

.NE.6

.tE.7

.NE.8

.HE.9

.NE.l

.NE.2

●*.3

)

)

)

)

)

)

)

)

)

)

)

Go

Go

co

Go

w

Go

w

Go

Go

GO

Go

To 136

TO 146

TO 156

TO 166

to 170

TO 186

To 1s6

TO 676

TO 210

TO 22.

TO 230

~$D2

C19
WIN
NnIN
WIN
*6D
WnD
NAIN
WIN
NAIN
RAIN
MAIN
?MIN
W61N
RAIN
RAIN
NAIN
NhIN
MIN
NRIN
MAIN
NAIN
WIN
MIN
NhIN
MIN
NAIN
MIN
PWN
WIN
MIN
lWIN
MIN
RAIN
MIN
NMN
MIN
MIN
NAIN
MIN
MIN
MIN
MIN
MIN
NAIN
RAIN
HhIN
MIN
MIN
MIN
NAIN
NhIN
NAIN
MIN
MIN
NAIN

3
3

A
41
42
1s
16

:;
83
84
8S
86
8?
88
89
m
91
82
93
94
8s
96
97

::
la
101
:::

104
105
106
147
108
109
110
111
112
113
114
1is
116
117
118
119

%!
122
123
124

:E
127
128
129



*U
I
(
u

.**
I
n

l
b

.

..u

-em
.

w
u79



co
o

175

180

18s

198

19s

me

20s

210

215

226

22s

366

366

370

3s6

326

410

c
c
c

428

43@

446

4s6

itiol

6WR4 .
IF (h8S(R[I )+( I-i)) .LT. sKp) W TO 466
IF (A8S(R(I )4( I-2)) .LT. SKP) GO TO 366
IF (h8S(R(I+l )4( I-1)) .GT.%P) GO TO 370
GOTO 3S0
IF (n2S(R(I+2)-(1-1 )).GT.~P) CO TO 3S0
1.1+2
GOTO 466
IF (ICK.GE.1O) GO 706S6
ICK=ICK+i
1.1+3
GOT0366
1.1+1
suR*slm+R(I)
SUMHURN+R(I)X82
IPP=IPP+l
1.1+1
IF (IPP.E9.IW+l) GOTO 410
CO TO 360
x(J)=SLWFLOAT(Nx)
SX(J)=SGRT(S~/FLOAT(M)-(X(J )XS2))
IF(J.EQ.NS) GOTO 426

&-TO 366

FORMINGEGURTIONS RND GENLSG

V(l)=0.
W)=lO*SS
Y(3)=2.XSS
V(4)=3.SSS
Y(5)=4.SSS
v(6)~5.sss
SBL=X(l)
URITE(6,726) (X(t’I),R=l,W). (SX(M),n=l,NS)
DO430 R=l,NS
xJWJ(W;S:L

EO(L,l)=i.”
EO(L,21=X(L)
EO(L,31=X(L)**2
WITE (6,736)
DO4S6 L=l,NS
URITE (6,746) EO(L,l),EO(L,2).EQ(L,3)>~(L)
If (R2S(X(1)-X(21).LE.26. ) GO TO 466
CALL GENLSG(EO.6,V,NS,F,3,3,S,Ru,*._,SIQ,7GS*Tt@ )
*.S(l )_..
SB=S(2)
SC.S(3)
GOTO 470

466 Sn=o.
SB=l.
S0..

IMIN
RAIN
MAIN
MAIN
MAIN
IWIN
WIN
RAIN
MAIN
NRIN
MAIN
NAIN
NAIN
MIN
HRIN
HAIN
MIN
MAIN
MAIN
MAIN
MIN
NMti
MIN
NRIN
RRIN
CAL2
NRIN
WIN
MIN
NRIN
RRIN
MAIN
lMIN
MAIN
MIN
NRIN
MIN
MIN
CAL2
CAL2
MIN
RAIN
MIN
MAIN
RAIN
MIN
cnL2
MIN
!MIN
MAIN
WIN
MIN
MIN
MIN
WIN
MIN
MAIN

Ml
262
::

26s

267
898
20s
y:

212
213
214
215
216
21?
218
219
:x

222
223
224

&
228
229
230
231
232
233
234
235
236
237
230

241
242
243
244
24s
246

24:
249
2s1
2s2
253
2s4
2ss
2S6
2s?
2ss



B.1.
SIC(I)=O.O
SIC(2)=0.O
SIG(3)=0.O

4701JRITE (6 7s6)
URITE(6, %81NTS(LO),

t SIG(3)

MIN
WIN
NAIN
IMIN
MAIN

HPnD
MAIN
MAIN
R*IN
px:

RAIN
RAIN
MIN
MIN
MIN
MIN
MIN
NAIN
MhIN
MIN
N61N
MhIN
HMD
CfiL4
RAIN
MAIN
MIN
H61N
H61N
?lhIN
M61N
HPhDl
RAIN
IWIN
HPhDl
MIN
MIN
MIN
?MIN
NMN
WIN
RhlN
WIN
NAIN
NRIN
MAIN
PlhIN
MIN
WIN
HPAD
HPhD
RhIN
MAIN
MIN
WIN

2s9
260
861
862
Z63

!:
~65
2s6
26?
2s&

~’!

#
274
27s
2?6
277
2?8
279
28e

28

28;
284
28s
28s
287
288
28;

291
292

22
29?
268
2s9

~

363

365

=

2s

3?!
312
313
314

,NTS(1;), J’iTs( 12), B,5A, SB, SC, SIG(l ), SIG(2),

c
c
c

SEARCHIW FOR FIWCIhL

240

245

2s8

255

1.1+3
pq 488

yg 486

CO T0486
URITE (6.776) I

568

510

526 W=;, .

IFS= I+IBSE
DOS36 KF=l 100
SUl=SUN+R(Ih)
IFS=IFS+l
COtfTIfWE
SBL=SLlMz166.
W;x(6,780)

IF(I.LT.JP)CO
JPI(LP)=O
Ku.l@
COT0688

m

538

268 SBL

To 568546

265

t
c

276

570

C4LLINC SUBROUTINES

MIP40P(LLC)
IF (WIP.EO.0) W TO 538
CO TO (580,566,S76), HIP
IF (KP.EO.0) W T0626
CO TO (686,610), I(P
CALL PRESS
LLC*LLC+l
Go To 568
CRLL INTG
LLC=LLC+l
w To 566
URITE(6,661)
FORMT(’ TW
LLC~LLC+l
yolwy

MLL PLOT2

275
580

586

289
DECU PLOTi NM BEEN WNKED’)

61@



298

22s

as

m
N

310

315

320

325

636
646

c
c
c

666

6?6

680

c
?68
710
72e

748

NTs( 11),NTS(12),KN

ERRORPRINTS

URJRPE(6,810)R(I).R(I+l).R(I+2)
----
~~ (Sff#20) IQ

GO TO 20
~~E (6,836) II, IPNO(II)
----
u#T#(384s)I, JP

FORWT(3X,211,F10e3,110,Fi0.@,91S)
FORMT(///,4H ID=,lti
FOR*T (6H X’S ,6(F1
FORPMT(1H6.26X.lMR
FORNW (1M *4(E15.8.i
F-T (lW.27NCHHE. . ... . . . ----- .— -...——.-
lSC,BX,6HSIG(i),7X

76S F~WT(2X,M2 3X,
7?8 FOR~T (lN8.f#NIN
726 FORNM (’ODiWELIP
796 F(MWT(lH .27HTHI

b2)
~0.3,2X) z SX 6(F1O.3, 2X))
MCIML EGWb$S)
!X))
[L GRGEC4LIB CONSTMT,6X,2NSA,11X,2HSB,

(,6NSIG(2),7X,6NSIG(3))
,F12.4,5X,6(E12.5,1X) )
IDEx TO FIDUCIAL = 1191
IEWERME ■ ‘ F9.&)

- ...- . JS IS THE END & CMWEL ,M2,’ - ‘,I1O,
‘-t”’ MTh-WI~S SWED’)

866 FOMT (iHi)
810zfORFMT (IH ,36WT~E IS a LOT OF SORETNINGGOINGON,3X,3(F1O

11

11X,2N

.3,3x)

-..
MIN
Nh3N
FMIN
HMD
HPAD
MAIM
HP6D
cat
WIN
WIN
EWIN
lMIN
lMIN
IMIN
MIN
wn:4

MRIN
RAIN
W&;:

RAIN
HMB
HMD4
MAIN
NAIN
MIN
NRIN
MIN
HIWD
lWN
NMN
WnD
WD
MIN
NAIN
*IN

820-FORMT (15) !MIN
830 FORPW (31WTNIS OPTION IS INCORRECT,II ●,15,3X,3X,61WTION ●,15) RAIN
840 ~O#NnT(’ I.CE.JP, I ● ‘,I1O,’ JP ● ‘,I1O) HMD1

flhIN

3*S
316
317
3$:

3s
33

38A
383
324
326
326
327
328

33:
331
332
3

34
3s
4

%
338
338
346

&
343
38

3%

:%
348
349

3J



10

1s

m
u

1

5

SU2RW711W DnTAF
C- R(2S606), T(2_) p(m), M, W, LABEL(4) W(6), V(6), IQ(5)

1 ,SBL. I, TZ, JP, IX, DELT,ID$.W(lO), LLC B, SA,SB, DTIbJ(lO) TSTAR7,
2 SC, SKP, XfiX, XFW, YFaC, TIT(36), k KP, W, X8, NTS($4),17Z,
3 JPI(50), IZ, ITN, NOSR,N, IpNO(5), SS. K= Sl,KST*, 'fM, JW, KU
DIMENSIONPI(1),P12(1)
EOUIUALEHCE[R(l),PI(l )),(R(12S01),P12( 1))
IF(JSU.EO.l)GO TO 20
UR17E(4)N7S
UR17E(4)T(1),DTINE
UR17E(4)N
UR17E(4)(PCIT).IT”l,N)
NJ(LP)=N
GOT036

# plu~”o

END

mtnF
W@M
HPAD
con

~ti

!%
C19
C19
C19
C19

M
C19
C19
MTRF

“

c

to

1

SUBROUTIWMThIN

RE?’im - -
FaWhT(lW,lX,2M2,110)
END

.“ .-

HPAD

3:4

CM
WAD
IHD
WAD
WfiD
HPhD
HmD
HPnD
HPnD
waD

%%
HPhD



10

1s

2@

‘xl
$-

2s

3s

3s

SUBROUTINEDRTAS(KN)
DIMENSIONNTSD(24 )

*m

CWWWiR(B6C66), T(23606) p(23-),WS. Lp, LWEL(4), NV(6), V(6) 10(5) %%?
1 ,SBL, I,% JP, IX, DELT,IDhOF’(lO),LLC.B,S%SB,DTIRE NJ(10) ThRT, HPAD
2 SC, SKP XRX, XFAC, YFOC, 717(30), ISU, KP YB, Xi, NTS(~4), ITZ, CWHD
3 JPI(S6), fZ, ITR, W3SR,WIPNO(S), SS,KSTSl,K STS$,WQX,JSU,KU

DIIENSIONPI(1), P12(1)
EOUIUALENCE(R(l),PI(l )),(R(12S61),P12( 1))

HPhD
WAD

*u.i

REUIND4
IF(JSU.EO.l)GOTO
NOS1”NOS
00 To 20
~1.~s-i
DO 60 IJ”l NOSl
IF(NJ(IJ).hO)GO
IF(NSU.GT.l)CO TO
HSU=2
RMD(4)NTS
RE6D(4)TT,DTI~
GOT04S
RERD(4)NTSD
REhD(4)TTD DTD
JIP=J7+NJ(iJ)
J1’.fl+l
READ(4)N
READ(4) (P(IU),IU=
~.JIp
~.~~(IJ)

CONTINUE
WITE(3)NTS
URITE(3)KN
URITE(3)TT,DTI~
URITE(3)(P(IU),IU=
RETURN
END

le

IdT,JIP)

l,KN)

DnTiW
DnTns
DMas
MTAS
Mms
Mms
MTM
MT*
mms
MT*
Dams
Dhws
DMAS
DATaS
DaTnS
DhT&S
DhTAS
DfiTfiS
DhT&S
D6ThS
D8TAS
DfiT&S
DhTAS
:;;;:

DNMS
C26
DfiTM
DhTAS
D6T6S

53
:

3
4



—

-..

808
-0

8;?8s!-.-

8
:

Ina
l

i

.i%
’

3
5



5

10

15

20

2s

36

3s

49

45

so

c

E
c

10

28

c

:

c

:
39

48

26
c
c
c

6s
c

70
80
9s

COIMON R(-)sr(-o) p(=-).~.~p, LAKL(4),N~(6), V(6) 10(S1
1 .SDL, I, TZ,JP. IX, fW, Iti. W(lO), LLC. B,% SB, DTIRE NJ(10) ThRT,
2 SC, SKP MX xFM. ~me TIT(W) ISU, KP, V8, Xi, MTS(&4),ITZ,
3 JPl(SO),iZ,I~sNoW#NsI~o(5).ss#KSTsi,KsT*#VM.JW.KU

DIRENSIO! PI(1),P12(1)
EGUIWLENCE (R(1) PI(1) ), (R(12S81),P12(1))
IF (JSU.EO.1) GO ~06S
IF (LLC.EO.4.MD.W(4).EO.2) GO TO W
IF (LP.QT.!.M.KU.EO.0) GO TO 10
PI(l)=O.9
IF (R@(4).EO.21 GO TO 10

INTO
IN76. “-A

iiRITE (6.76) INT6

CALCULATIONOF FIRST INTEGRAL
INTG
IN7G

DELP=DELTWL06T(IDZ)Z166S.
Irm

M 2S IT=2,N
INTG
INTG

PI(IT)cPI(IT-1 )+.SSDELP$(P(IT-1 )+P(IT))
IF (W(4).EO.21 00?06S

INTG
INTG

PRINT OF FIRST INTECML
INTG
lNTG

LWTE(6,M)(T(IT),P(17),PI (IT),IT=l,N)
PI(l)=PI(N)
GO TO 60

CALCULATIONOF SECOND INTEML

IF (LP.GT.1.MD.KU.EO.0) GOTO 48
URITE (6,2S)
P12(1)=0.
DELP=DELT3FLOAT( IDZ)/lW.
Do so IT=2.N
P12(IT)=P12(IT-1 )+.S3mPS(PI(IT-l )+PI(IT))

PRINT OF FIRS7 MD 6EC04D INTECML

INTG
Cs
INTQ
lNTG
INTQ
INTG
INTG-...
INTii
INTG
lNTG
INTG
Xfm
INTG
lNTG
INTG

bRITE(6 166)(T(IT),P(IT),PI(IT),P12( IT),IT=l,N)
P12(1)=612(N)
PI(l)=PI(N)
RETURN

INTG
F-T (lH1,SX 2(aI~,lW,-S~,W,WIm~L,lOX ))
FORMT (1H ,6(h3.6 3X))

INTG

F-T (lHi,SX,4HTIk,18X WPRES6WE,8X SNINTEGRAL,2X,2NINTEGRAL,1 ~~
‘-!OX WIW,lOX,~Sm,h,WImWL,&,WINfiQWL)

186 ~O&AT (1H ,8(F13.6,3x)) Irma
INTG

INTG
Cs
INTG
INTG
IN7G
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87



03
ccl

1

s

10

1s

c
SUBROUTINE~IP

NPnD 61
NPnD 68

c
~ R(2S6661,T(23666) P(2360S), ~, LP, Lh6EL(4) NV(6), V(6) 10(5)

1 ,SBL, I,7Z. JP, IX, DELT,IDb2P(10),LLC B, SA, SB,DTIk NJ(10) ThRT,
2 SC, 6KP XW WAC, WAC, 717(39) fSU, KP W, & N7S(&4 ),172,
3 JPI(SSl, fZ 17kMM&N, I~(5),SS, K6TS1. KSTS6, VhX, JSU, KU

DI-NSION Pf(i), P12(l)
EWIWLEME (R(i), PI(l) ),( R(12661),P12(l))
W17E(6 1)10

166 CALL DdAIN
DO 1S0 1=1,5
IF(N7S(I). -. IQ(I))GO TO

166 CON71NLE
266 uRl~6.2 )

1 FORMAT(‘ SKIP TO C-EL
2 FORRhT(‘ ENDOF CN@t6ELS

‘,3A2)
TO 62 SKIPPED’ )

NPaD
HPnD
NPAM
WnM
WAM
WAD
WaD
WnD
NmD
FmD



APPENDIX E.3

Sample Output

89



.—. -
LU47 114

-1.s6
-*m
-1.s6
-1.s6
-:.W
-1.01
-1.07
-1.6s
-1.-
-1.6s
-1.-
-.s6
-.76
-*66
::g

-.76
-.s6
-*7S
-.73
-*73
-.76
-.7s
-.ss
-1.66
-1.s6
-1.6s
-*m
-.ss
-.=
-.6s
-.U
-.76
-.s6

gD.~47 114
x “s ~~m

T;7
Ssg7b.s 6s6si6sm 315i#

.
ORIGINAL”~llWIONS

•l~+a 0. 0.
.MSwssss+oi
.mM66s6E+si

.mms06ss+63 .~- .lss6ns6s+61

.l~+sl
.6s13666ss+63 .363ss374s+ss .aasss6E+sl
.~+63 .677s2asE+w

● las66ME+61
.~+sl

.11 S64SSSE+S4
.16s6assE+61

.1811016ss+67 .~+ol
.i3766nss+64 .lsos4133s+&7 .Ssq61E+el

CHMSEL K tML::M0f67tM7
i14 -.776?%Ss .36s4ss-s3

IXDSX70 FIMOCIhL ●

-.1661 ss-67
1s69

MSELIXS ~ ●

TIR&.hMDaDAT$POOM7S~%%~-tIK I~Ln ~-&@l=
-1.63 -1.63

le.7ss6 -1:01 -1.03 -1.= -1.s6 -1:6s -1.66
i2.6s7s -1. s6 -1.63 -t.63 -1.03 -1.63 -1. s3
13.07s6 -1.s3 -1.63 -1.64 -1 .6s -1.03 -1.63
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APPENDIX E.4

Definition of Parameters and Other Control Variables
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TABLE El. INPUT CARD IMAGE

Variable Format

IPNO(2) 11

IDZ

Ix

IPNO(3)

KP

11

MOP(3),MOP(4)

B F1O.3

Ixs 110

DLTM F1O.O

IDZS 15

NLIST

IFID

NLK

15

15

15

Column Description

4 Sets IDZ and IX as specified in
Table E2.

6-15

16-25

26-35

36-40

41-45

46-50

51-55

The increment for choosing the
input data to be saved
(e.g., 5=save every fifth sample.)

The number of samples to skip
after the fiducial mark to reach
the data which are to be processed.

Sets KP”MOP(3) and MOP(4) as
specified in Table E2.

Plotting option:
o= no plot,
1 = special plot to be programmed

by user,
2 = normal page-size plot.

Choices for integrating: none,
once, or twice.

Calibration constant for the gage
in engineering units per
calibration step.

o = no change to the value

set in IPNO(2);
O # change the value set in
IPNO(2) to this value.

Time adjustment to be subtracted
from the value of TSTART.

o = no change to the value set
in IPNO(2);
O # change the value set in
IPNO(2) to this value.

o = NAMELIST not used;
1 = NAMELIST used (see Table E3.)

o = fiducial mark is present;

1 = no fiducial mark.

Number of contiguous data sets to
be processed the same way.
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TABLE E2. PARAMETER SETTINGS

Parameter

IPNO(2)*

IPNO(3)**

Value

o

1
2
3
4
5
6
7
8
9

0

1
2
3
4
5
6
7
8
9

Description

Skip this data set if
IPNO(3) = O also; otherwise,
an error message is
printed and processing halts
IDZ = 1 and IX = 500
IDZ = 1 and IX = 2000
IDZ = 1 and IX = 3000
IDZ = 2 and IX = 500
IDZ = 2 and IX = 2000
lDZ = 2 and 1X = 3000
IDZ = 5 and IX = 500
IDZ = 5 and IX = 2000
IDZ = 5 and IX = 3000

Skip this data set if
IPNO(2) = O also; otherwise,
an error message is printed
and processing halts
KP = O, MOP(3) = O***,and MOP(4) = O***
KP= O, MOP(3) = 2, MOP(4) = O

KP= O, MOP(3) = 2, MOP(4) = 2

KP= 1, MOP(3) = O, MOP(4) = O

KP = 1, MOP(3) = 2, MOP(4) = O

KP= 1, MOP(3) = 2, MOP(4) = 2
KP = 2, MOP(3) = O, MOP(4) = O

KP = 2, MOP(3) = 2, MOP(4) = O

KP = 2, MOP(3) = 2, MOP(4) = 2

* If these choices for IDZ and IX are unacceptable, choose the option
closest to the desired value and insert the correct values as IDZS and/or
IXS on the input card image.

** If IPNO(2) = O and IPNO(3) = O, the array IQ is read in from the next card
image with format 5A2. The array IQ must exactly match NAMEF, as defined
in the data file created in ADTAPE2, of the next data set to be
processed. If IQ and NAMEF do not match, the search will continue to the
end-of-file marker.

*** O =no; 2 =yes. For one integration MOP(3) = 2 and MOP(4) = 0. For two
integrations MOP(3) = 2 and MOP(4) = 2.
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TABLE E3. NAMELIST VARIABLES

Variable Default Value Description

IBSE 500 Number o: samples to skip after the fiducial
mark before starting to sample the baseline.

ITM 23000 Maximum number of data samples to be
converted to engineering units.

ITZ 950 Number of samples to skip after sampling
the last calibration step before starting
to search for the fiducial mark.

MOP Control variable:
0= end of processing,
1 = conversion to engineering units,
2= integration,
3 = plotting.

NS

NX

NY

SKP

Ss

XFAC

YAX

YFAC

6

40

16,100,240,
360,480,600

150.

1.

7,5

1.

5.

1.

Number of calibration steps to be used
in the least squares regression.

Number of samples to be averaged for each
calibration step.

Sample indices marking the position on
each calibration step to start
processing data.

Criterion for eliminating spikes in
calibration steps.

Step size of each calibration step,
usually, in ohms or volts.

Abscissa graph size in inches.

Scale factor for the numeric label on the
x-axis (e.g., if XFAC = .001 and the
number to be printed is 10000, a 10
will be printed.)

Ordinate graph size in inches.

Scale factor for the numeric label on the
y-axis, similar to XFAC.
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